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Abstract

Objective: Our purpose was to investigate effects of physical activity on risk for breast cancer.

Methods: From the Swedish nationwide censuses in 1960 and 1970 we defined three partly overlapping cohorts of
women whose occupational titles allowed reproducible classification of physical demands at work in 1960
(n = 704,904), in 1970 (n = 982,270), or with the same demands in both 1960 and 1970 (n = 253,336). The
incidence of breast cancer during 1971-89 was ascertained through record linkage to the Swedish Cancer Register.
We used Poisson regression to estimate relative risks (RR).

Results: A total of 20,419, 22,840, and 8261 breast cancers, respectively, were detected in the three cohorts. In all
three cohorts the risk for breast cancer increased monotonically with decreasing level of occupational physical
activity and with increasing socioeconomic status. Among women with the same estimated physical activity level in
1960 and 1970 the RR was 1.3 for sedentary as compared with high/very high activity level (95% CI 1.2-1.4; p for
trend < 0.001). Adjustment for socioeconomic status virtually eliminated this association (RR 1.1;95% CI 0.9-1.2;
p for trend 0.12) leaving a statistically significant 30% gradient only among women aged 5059 years at follow-up.
The association between socioeconomic status and breast cancer risk was largely unchanged after adjustment for
occupational physical activity.

Conclusion: The protective effect of occupational physical activity on breast cancer risk, if any, appears to be
confined to certain age groups.

Introduction

The hypothesis that physical activity reduces a woman’s
risk for breast cancer has received increasing attention
recently [1-27]. The theory is biologically plausible
because high energy expenditure, for example, may be
associated with reduced sex hormone levels [28] and
prevents obesity [29], established risk factors among
postmenopausal women [30, 31]. Physical activity dur-
ing reproductive years may reduce levels of circulating
ovarian hormones and the frequency of regular cycles
[32-35], thus reducing the cumulative exposure to
ovarian hormones (estrogen and progesterone). If a

true causal association exists, increased physical activity
would be one of the few realistic targets for primary
prevention of breast cancer in women.

The epidemiological evidence that high physical
activity reduces breast cancer incidence is, however, far
from conclusive. Although several studies are clearly
supportive [1, 5, 12, 13, 15, 16, 18, 22, 24], no association
was observed in other studies of cohort [6, 11, 26] or
case—control [23, 25] design. Interpretation is often
hampered by small sample size [11, 21], restriction to
young women [9, 12, 25, 26], analyses of extreme levels
of physical activity [1, 6, 16], or assessment of activity
only at a single point in time [8, 14, 22]. In addition,
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several investigators assessed only leisure-time activity
[15, 18, 23, 25], while occupational activity is likely to
account for a larger part of a woman’s total energy
expenditure during adulthood. The need for very large
studies of occupational physical activity, with repeated
exposure assessment, was emphasized recently [36].

We used the nationwide Swedish Cancer—Environ-
ment Register III to assess risk for breast cancer in
relation to occupational physical activity. We focused
on women with the same level of occupational physical
activity at two assessments 10 years apart. The large
number of observed breast cancer cases allowed detailed
analyses stratified by age at entry and age at follow-up.
We were also able to assess separately the risk in women
who were estimated as having changed in the level of
physical activity.

Subjects and methods
Census data

Census information has been obtained regularly in
Sweden using questionnaires mailed to every household.
The questionnaires cover demographic, occupational
(including employment status, job title, industry and
work address), and socioeconomic factors for each
household member during one week in October [37].
The data are stored together with the national registra-
tion number — a unique personal identifier assigned to
all Swedish residents [38] — which allows linkage between
registers. Since participation is mandatory by law, the
censuses are more than 99% complete [39, 40].

The Cancer and Cancer—Environment Register

The national Swedish Cancer Register, established in
1958, includes more than 98% of all diagnosed cancer
cases in the country [41]. It contains demographic and
tumor data ( ICD-7 and histopathology codes, date of
diagnosis, mode of diagnosis but no tumor stage). The
Cancer Register is linked annually to the Swedish
Register of Causes of Death, which provides informa-
tion on the underlying and contributing causes of death
derived from the obligatory death certificates [42].

The Cancer—Environment Register III (CERIII) was
established by adding census data from 1960 and 1970
to the Cancer Register from 1971 to 1989 [43]. The
CERIII proper, thus, includes cancer patients who
resided in Sweden both in 1960 and 1970 (and thus are
recorded in both censuses), and encompasses a total of
392,941 women with 440,819 tumors. As a supplement
to the CERIII proper, there is a background register
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with al/l Swedish residents who took part in both the
1960 and 1970 censuses. Except for tumor data, the
information in this background register is the same as in
the CERIII proper, including dates (but not causes) of
death among the deceased. The background register
included 3,347,867 women in 1971. After record linkag-
es, the national registration numbers were removed from
both the CERIII proper and the background register to
ensure confidentiality.

Classification of occupational physical activity
and covariates

The occupations reported in the census questionnaires
were coded into 245 categories in the 1960 census and
248 categories in the 1970 census [44]. This coding
scheme, devised by the National Labor Market Board in
Sweden [37] in collaboration with the National Labor
Market Government in Denmark, Norway, and Finland
[45], parallels the classification of the International
Labor Office and the United Nations [46].

We classified each occupation as demanding very
high, high, moderate, light, or sedentary physical
activity. Assessments were done independently by three
Swedish specialists in occupational medicine with
extensive experience in job classification. To reduce
misclassification, we considered in the present analysis
only occupations consistently classified by the three
experts; we required absolute agreement between at least
two of the experts while the third was allowed to diverge
by no more than one category. A total of 202 occupa-
tions were thus unequivocally classified. Because few
women were classified as having jobs with very high
demands, the two categories of highest physical activity
were subsequently merged. The physical activity cate-
gories have been described previously [47]. A validation
study in a historic cohort of twins showed strong
agreement between the experts’ scoring and self-reports
of job-related physical activity given in the 1960s [47].

Socioeconomic status was categorized into four levels
(unskilled blue-collar, skilled blue-collar, less educated
white-collar, educated white-collar occupations), based
on the occupational title, as described in detail elsewhere
[48]. We categorized the place of residence into two
categories: cities with a population exceeding 200,000
(Stockholm, Gothenburg, and Malmd) versus the rest of
Sweden.

Study cohorts
A total of 704,904 women in the background register

reported employment in the 1960 census (but not
necessarily also in the 1970 census) in a job that we
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could unequivocally classify with regard to physical
activity. There were 982,270 women with such jobs
reported in the 1970 census (but not necessarily also in
the 1960 census). We further identified the 253,336
women who had jobs classified as demanding the same
physical activity level both in 1960 and 1970 censuses.

Follow-up

To ascertain cancer incidence and dates of diagnosis in
these cohorts, we linked the background register to the
CERIII proper, matching on all available census vari-
ables in both data sets. We only analyzed first invasive
cancers. Person-years were calculated from 1 January
1971 until the diagnosis of any malignant tumor, death,
or end of follow-up (31 December 1989), whichever
occurred first. Cancers diagnosed incidentally first at
autopsy were not counted.

Analyses

We analyzed data in a grouped form. Attained age (age
at follow-up) was divided into eleven 5-year categories
(< 40, 40-44,..., 80-84, 85+ years). The 19 calendar
years of follow-up were divided into nine 2-year
intervals and one I-year (1 January 1971-31 December
1972, 1973-74,..., 1 January 1989-31 December 1989).

First we made external comparisons with the entire
Swedish population. The expected number of breast
cancers was calculated by multiplying the number of
person-years observed in 5-year age and calendar year
strata in the cohorts by the stratum-specific breast
cancer incidence rates, derived from the Swedish Cancer
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Register. The relative risk (RR) was estimated by the
standardized incidence ratio (SIR), defined as the ratio
of observed number of cancers to those expected. The
95% confidence interval was calculated on the assump-
tion that the observed numbers of cancers follow a
Poisson distribution.

We then made internal comparisons between exposure
groups within the cohort with adjustment for available
co-variates using Poisson models estimated by the
maximum likelihood method (EPICURE/AMFIT) [49],
and with rate ratios as the measure of relative risk.
Estimated occupational physical activity level, attained
age (age at follow-up), calendar year of follow-up, and
place of residence, were the explanatory variables in the
baseline model. Socioeconomic status was adjusted for
in expanded multivariate models. The deviance was of
the same order as the degrees of freedom. Thus no
correction for overdispersion was necessary [50].

Results

During the 19 years of follow-up we observed 20,419,
22,840, and 8261 cases of primary invasive breast cancer
in the three cohorts of women who had classifiable jobs
in 1960, 1970, and in both 1960 and 1970 censuses,
respectively. The distribution of person-years by cate-
gory of estimated occupational physical activity, the
number of observed cases, and SIRs with 95% CI are
shown in Table I. Women with moderate to high
occupational physical activity had a breast cancer
incidence that was close to the expected in the Swedish
female population, whereas women with light or seden-
tary jobs had increased risks.

Table 1. Characteristics of the cohort, by occupational physical activity level in 1960 and 1970, number of women at risk at start of follow-up in
1971, number of person-years at risk, number of incident cases of primary breast cancer during follow-up through 1989 (No.), standardized

incidence ratio (SIR) and 95% confidence interval (CI)

Census Occupational Number of Number of Number of observed SIR 95% CI
physical activity women at risk person-years breast cancers

1960 Very high/high 117,479 1,908,558 3,185 1.00 0.96-1.03
Medium 211,325 3,484,538 5,633 1.04 1.01-1.07
Light 218,970 3,659,085 6,858 1.20 1.17-1.22
Sedentary 157,130 2,733,432 4,743 1.27 1.23-1.31

1970 Very high/high 234,465 4,148,366 5,223 0.93 0.91-0.96
Medium 294,799 5,226,171 6,858 1.00 0.98-1.03
Light 272,794 4,889,584 6,532 1.17 1.15-1.20
Sedentary 187,212 3,392,443 4,227 1.26 1.22-1.30

1960 and 1970% Very high/high 39,990 690,545 1,141 0.99 0.93-1.05
Medium 66,456 1,149,743 2,066 1.09 1.04-1.14
Light 87,960 1,535,617 3,089 1.28 1.24-1.33
Sedentary 58,930 1,045,697 1,985 1.35 1.29-1.41

% Women classified to the same level of occupational physical activity in 1960 and 1970.
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Our multivariate analyses, based on internal compari-
sons within the cohort, are shown in Table 2. In baseline
models, adjusted for age and calendar year of follow-up,
as well as place of residence, breast cancer risk increased
with decreasing level of occupational physical activity,
similar to the findings in Table 1. The risk among
women classified as holding sedentary jobs in both 1960
and 1970 was between 20% and 40% higher than that in
women estimated as having the physically most de-
manding jobs. Women who switched from the highest to
the lowest category of occupational physical activity
between 1960 and 1970 had a relative risk of 1.4 (95%
CI 1.1-1.9) compared with those who remained in the
highest category. In contrast, the risk among women
who switched from sedentary in 1960 to high in 1970
was similar to the risk among women with the highest
occupational activity level in both 1960 and 1970
(RR = 0.9, 95% CI 0.6-1.2).

Adjustment for socioeconomic status eliminated the
association between occupational physical activity and
breast cancer risk almost completely; no significant
differences were observed in the risk for breast cancer
between different occupational physical activity groups
(Table 2). When the risk estimates were calculated for the
different levels of socioeconomic status in the baseline
models, women in the highest social class were at about
30% higher risk for breast cancer than women in the
lowest social class. Adjustment for occupational physical
activity attenuated these trends only marginally
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(Table 2). The Spearman correlation coefficient between
occupational physical activity and social class scores was
0.61, 0.63, and 0.41 in the three cohorts, respectively.
Addition of either occupational physical activity or
socioeconomic status to the baseline Poisson regression
model improved the model fit significantly. This improve-
ment was greater after the addition of socioeconomic
status compared to occupational physical activity (reduc-
tion in deviance 141 and 70, respectively — with 3 degrees
of freedom —among women classified as having the same
level of occupational physical activity in both 1960 and
1970). Addition of physical activity to a model including
socioeconomic status, however, did not significantly
improve the model fit (» = 0.35). In contrast, when
socioeconomic status was added to a model including
occupational physical activity, the improvement was
considerable (reduction in deviance 75; p < 0.0001).
We explored relative risk for breast cancer by age at
follow-up in the cohort including women classified as
having the same level of occupational physical activity
in both 1960 and 1970. Without adjustment for socio-
economic status, the inverse association with occupa-
tional physical activity was clearest at ages 50—69 years
(Table 3). After further adjustment for socioeconomic
status an attenuated, albeit statistically significant, trend
was confined to women aged 50-59 years (Table 3).
However, in the 1960 census cohort and the one from
1970 (with women who did not necessarily have the
same level of occupational physical activity in both

Table 2. Relative risk (RR) with 95% confidence interval (CI) for cancer of the breast by estimated physical activity and socioeconomic status in

1960 and 1970. Results obtained by Poisson regression

Variable Census 1960 Census 1970 Census 1960 and 1970
RR* 95% CI RR® 95% CI RR* 95% CI RR® 95% CI RR* 95% CI RR® 95% CI
Occupational physical activity
High/very high 1.0 1.0 1.0 1.0 1.0 1.0
Medium 1.1 1.0-1.1 1.0 1.0-1.1 1.1 1.0-1.1 1.0 1.0-1.1 1.1 1.0-1.2 1.0 09-1.1
Low 1.2 1.2-1.3 1.1 1.0-1.1 1.2 1.2-1.3 1.1 1.0-1.1 1.3 1.2-14 1.1 1.0-1.2
Sedentary 1.3 1.2-1.3 1.1 1.0-1.1 1.3 1.3-14 1.1 1.0-1.2 1.3 1.2-1.4 1.1 1.0-1.2
p-value for trend <0.001 0.01 <0.001 0.001 <0.001 0.1
Socioeconomic status
Unskilled blue-collar® 1.0 1.0 1.0 1.0 1.0 1.0
Skilled blue-collar? 1.0 1.0-1.1 1.0 0.9-1.1 1.1 1.0-1.1 1.0 1.0-1.1 1.1 1.0-1.2 1.1 1.0-1.2
Unskilled white-collar® 1.2 1.2-1.3 1.2 1.1-1.2 1.3 1.2-1.3 1.2 1.1-1.3 1.3 1.2-1.4 1.3 1.1-1.4
Skilled white-collar® 1.3 1.2-1.3 1.2 1.2-1.3 1.3 1.3-14 1.3 1.2-1.3 1.4 1.3-14 1.3 1.3-14
p-value for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

% Relative risk adjusted for age by 5-years intervals, calendar year of follow-up by year, and place of residence.

® Relative risk adjusted for age by 5-year intervals, calendar year of follow-up by year, place of residence, socioeconomic status (in the analysis
of occupational physical activity), or physical activity (in the analysis of socioeconomic status).

¢ Manual workers with less than 2 years of education after primary school (e.g., carpenter, sewer, farmer, glassmaker, housekeeper).

4 Manual workers with at least 2 years of education after primary school (e.g., dressmaker, baker, barber, locomotive driver, cook).

¢ Non-manual employees with maximum of 2 years of education after primary school (e.g., teller, telephonist, policeman, archivist).

 Non-manual employees with more than 2 years of education after primary school (e.g., midwife, fire engineer, physician, priest).
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Table 3. Relative risk (RR) with 95% confidence interval (CI) for cancer of the breast among women with the same estimated occupational

physical activity in 1960 and 1970, by age at follow-up

Age at Occupational Number of cases No. of person-years RR? 95% CI RR® 95% CI
follow-up physical activity
<50 Very high/high 171 185,393 1.0 Ref. 1.0 Ref.
Medium 325 316,312 1.1 0.9-1.4 1.1 0.9-1.3
Light 587 519,885 1.3 1.1-1.5 1.1 0.9-1.4
Sedentary 514 458,961 1.2 1.0-1.4 1.0 0.8-1.4
p-value for trend 0.04 >0.5
50-59 Very high/high 254 179,754 1.0 Ref. 1.00 Ref.
Medium 498 302,514 1.2 1.0-1.4 1.0 0.9-1.2
Light 921 432,867 1.5 1.3-1.7 1.2 1.0-1.4
Sedentary 694 309,770 1.5 1.3-1.7 1.3 1.1-1.7
p-value for trend <0.001 0.005
60-69 Very high/high 412 209,923 1.0 Ref. 1.0 Ref.
Medium 723 344,822 1.1 1.0-1.2 1.0 0.9-1.1
Light 941 381,575 1.2 1.1-1.4 1.0 0.9-1.2
Sedentary 562 204,890 1.3 1.2-1.5 1.0 0.8-1.3
p-value for trend <0.001 >0.5
70+ Very high/high 304 115,476 1.0 Ref. 1.0 Ref.
Medium 520 186,096 1.1 0.9-1.2 1.0 0.9-1.2
Light 640 201,290 1.2 1.1-1.4 1.00 0.9-1.2
Sedentary 215 72,076 1.2 1.0-1.4 0.82 0.6-1.1
p-value for trend 0.01 0.5

# Relative risk adjusted for age by 5-year intervals, place of residence, and calendar year of follow-up.
® Relative risk adjusted for age by 5-year intervals, place of residence, calendar year of follow-up, and socioeconomic status.

censuses), the corresponding trend was not statistically
significant; the risk gradient between the most physically
active and those most sedentary was 11% and 10% in
the 1960 and 1970 census cohorts, respectively.

Among women with the same level of occupational
physical activity in both censuses we also explored the
risks by age at start of follow-up. The results were
statistically unstable among women under 39 years of
age. Among women older than 40 years the risk
increased monotonically with decreasing level of esti-
mated occupational physical activity, being 30-40%
higher in the lowest activity category than in the highest.
In all age groups, however, the trend vanished after
adjustment for socioeconomic status, and no single risk
estimate remained statistically significantly different
from the null effect of 1 (data not shown).

In the same subcohort, we finally explored the risk
among women aged 50-59 at follow-up, considering
different ages at entry to the cohort. The results were
unstable among women aged under 40 years at start of
follow-up. Among women who were 40-50 years of age
at entry to the cohort and 50-59 years at follow-up, the
risk was 40% higher in the lowest occupational activity
category than in the highest (95% CI 7-84%) even after
adjustment for socioeconomic status.

Discussion

Our data provide some, albeit weak, support to the
hypothesis that occupational physical activity reduces a
woman’s risk for breast cancer. If such a protective
effect exists, it is likely to be strongest among post-
menopausal women who have been physically active in
their occupation for most of their lives, particularly
between 30 and 50 years of age. After age 60, when the
occupational physical demands are usually alleviated,
the effect seems to wear off. Admittedly, our measure of
occupational physical activity was crude, entailing
misclassification and underestimation of any true
association [51]. However, our validation study indicat-
ed a reasonable agreement between job title-derived and
self-reported occupational physical activity, and a clear
protective effect of occupational physical activity,
unconfounded by socioeconomic status, on endometrial
cancer was observed in the same cohort of Swedish
women [47].

The population-based cohort design with reporting of
occupations before the occurrence of any outcome, and
complete long-term follow-up of large numbers of
working women are unique characteristics of this study.
The repeated exposure assessment enabled us to differ-
entiate between women with stable physical activity and
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those who switched from one level to another. The
external validity of our data should be high because a//
Swedish women with the studied occupations were
analyzed. Changes in occupational physical activity
after 1970 may have affected our results. However,
since women in the cohort encompassing women with
the same level of occupational physical activity in both
1960 and 1970 censuses remained in the same occupa-
tional physical activity category for at least 10 years, it is
unlikely that a large proportion changed their physical
activity at work during the follow-up.

Information about physical activity during leisure
time was not available in our study. Such exercise may
bias our risk estimates in an unpredictable direction. As
discussed elsewhere [47], the true association would be
overestimated if women with sedentary jobs were less
physically active, and attenuated if they were more
physically active after work than women with more
strenuous occupations. The latter of these alternatives is
more likely, but reliable population-based data on
leisure-time activity in different occupational groups is
lacking. In any case, it is unlikely that work-leisure
differences in physical activity could conceal a trend
between physical activity and cancer risk, particularly
since the time spent at work usually exceeds that
devoted to leisure-time physical exercise substantially.

Before adjustment for socioeconomic status we noted
a modest but statistically significant inverse association
between occupational physical activity and risk for
breast cancer at all ages, although strongest among
women aged 50-59 years. The strength of the associa-
tion diminished after retirement, and also after change
to a more physically demanding job. However, adjust-
ment for socioeconomic status eliminated the overall
association between physical activity and breast cancer,
indicating substantial confounding by this factor. While
socioeconomic status is not a meaningful biological
exposure per se, we lack data on specific risk factors
accounting for this confounding. However, several
established breast cancer risk factors [52] such as parity,
age at first birth, age at menarche, body mass index, and
use of replacement hormones are known to differ by
socioeconomic status [53, 54]. Utilization of mammo-
graphy would be another concern for confounding if
there is an association between utilization of mammo-
graphy screening and socioeconomic status or occupa-
tional physical activity. Introduction of diagnostic
mammography in Sweden was initiated in the 1970s,
and of population-based in the late 1980s. However,
preliminary results of an ongoing study at our depart-
ment exploring possible associations between socioeco-
nomic status and mammography screening attendance
in Sweden revealed no significant relationship between
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these two factors (personal communication). After
adjustment for socioeconomic status, the association
of occupational physical activity and breast cancer risk
remained significant only among women aged 50-59
years and was strongest among women aged 55-59 who
were physically active between 30 and 50 years of age.
Chance may explain this finding confined to only one of
the three cohorts analyzed. Alternatively, a true protec-
tive effect of occupational physical activity may be
confined to postmenopausal women. The persisting
association among women closest to retirement might
also occur because they were oldest and thus had the
largest proportion of their working career when heavy
manual work operations had not yet been replaced by
automated processes. Hence, their range of exposure is
likely wider than that in the younger age groups.

From eleven studies [2, 5, 7-11, 14, 19, 22, 24] that
considered the relationship specifically between occupa-
tional physical activity and breast cancer risk, three [2,
10, 22] reported a significant inverse association, seven
others reported non-significant trends [5, 7-9, 14, 19,
24], and one [24] reported no relationship. Only two of
these studies adjusted for socioeconomic status [§8, 9],
and no association persisted after such adjustment. Five
previous studies [4, 11, 19, 20, 55] evaluated combined
measures of recreational and occupational physical
activity. In one case—control [19] and two cohort studies
[20, 55], a similar inverse relationship with breast cancer
risk was reported for both recreational and occupational
physical activity. In contrast, in one of the studies [11],
the increased risk for breast cancer was observed for
highest versus lowest level of all combinations for
leisure-time and occupational physical activity.

Eighteen studies [1, 3, 5, 6, 11-13, 15-19, 21-23, 25,
26, 27], which examined the relationship between
recreational physical activity and breast cancer risk,
have produced inconsistent results. While the majority
of these studies [1, 12, 13, 15-19, 21, 22, 27] reported a
reduced risk for breast cancer among women with high
leisure-time physical activity, only five described signi-
ficant results [12, 13, 16, 22, 27]. It is not clear whether
the possible protective effect was restricted to premeno-
pausal or postmenopausal cancer or whether it applied
to all women. Moreover, no consistent dose—response
relationship was observed across these studies. This lack
of consistency may partly derive from the fact that
leisure-time physical activity, as opposed to occupation-
al physical activity, rarely accounts for more than a few
hours per week. Moreover, leisure-time physical activity
may be exposed more to confounding by life-style
factors than occupational activity.

A protective effect of physical activity is biologically
plausible. Plasma estrogen levels are higher in breast
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cancer cases [31], while physical activity lowers a
woman’s level of circulating estrogen [28, 56]. Physical
activity also prevents weight gain and reduces body fat
[29] and consequently may decrease the amount of
estrone, the major source of estrogens in postmeno-
pausal women, through aromatization [57]. However,
the interplay between physical activity, reproductive
factors, body weight, and dietary habits is intricate and
remains incompletely understood.

We conclude that the link between physical activity
and breast cancer risk remains uncertain and that
confounding by factors related to socioeconomic status,
such as characteristics of reproductive life, may be a
concern when interpreting observed associations. Hence,
more studies are needed to unveil the interrelationships
between physical activity, known breast cancer risk
factors, and breast cancer risk.
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